Nuclear Power Reactors (NPRs) are large in scale and complex, so the information from local fields is excessive, and therefore plant operators cannot properly process it. When a plant malfunction occurs, there are data influxes, so the cause of the malfunction cannot be easily and promptly identified. A typical NPR may have around 2,000 alarms in the Main Control Room (MCR) in addition to the display of analog data [1--4]. During plant transients, mode changes and component trips, hundreds of alarms may be activated in a short time. Hence, to increase the plant safety, this article proposes the operator support systems based on neurofuzzy assisted alarming and diagnosis system. Throughout this framework the neurofuzzy fault diagnosis system is employed to fault diagnosis of nuclear reactors. To overcome the weak points of both linguistic and neuro learning based approaches an integration between the neural networks and fuzzy logic has been applied by which the integrated system will inherit the strengths of both approaches.
Introduction:
A fault diagnosis system is a kind of operator support system. The objective of a fault diagnosis system is to make the task of accident diagnosis easier, to reduce human mistakes, and to ease the workload of operators by quickly suggesting likely faults based on the highest probability of their occurrence. During the first few minutes after an accident occurrence, operators in a MCR must perform highly mentally workloaded activities. The operators may be overworked and disorder may result. Information overload and stress may severely affect the operator's decision-making ability just when it is required. In such situations, using a fault diagnosis system will be very helpful in that it will enhance operator's decision-making ability and reduce their workload. Recently many advanced intelligence systems have been developed using information and digital technologies [5] [6] [7] [8] [9] . In this paper, the feasibility study of the neurofuzzy diagnosis system (NFDS) on the recognition of multiple alarms in NPRs has been introduced. When a plant disturbance occurs, sensors outputs or instruments may trigger firing of alarms and form a different alarm pattern that represents a different fault. This proposed technique is applied on two hierarchical levels; the first one is the global fault diagnosis system as in subsection 3.1 and detailed fault diagnosis on a central critical node as in subsection 3.2. Throughout this framework the alarm and fault patterns of Angra II and Kori II reactors have been employed. The diagnosis of faults is approached from a pattern matching perspective in that an input pattern is constructed from multiple alarm symptoms and that symptom pattern is matched to an appropriate output pattern that corresponds to the fault occurred. The first layer of the system is fuzzy system where the rules are applied to check whether the input pattern is known else it acknowledges unknown alarm pattern. The second layer is multi-layer neural Network. The implemented neural layout contains an input layer, which consists of 12 alarm input nodes, a hidden layer, which consists of 7 nodes, and an output layer, which consists of 9-class fault identification nodes [10] [11] [12] [13] [14] , as explained in Kori II cooling pump case of study.
The rest of the paper is organized as follows; in section (2), the plant safety and fault diagnosis have been introduced. Section 3 presents the proposed neurofuzzy fault diagnosis technique in global and detailed levels. In section (4), Results of the NFDS learning is presented. Finally in section (5) the conclusion is drawn.
Safety, Alarming and Fault Diagnosis of NPR:
The main control room (MCR) operators in a NPR have a supervisory role in terms of information gathering, planning, and decision making. During abnormal conditions or situations in which an accident has occurred, the operator's task is to comprehend a malfunction in real time by analyzing alarms, values or trends of multiple instruments, While an analysis of all instruments is the best way to ensure a correct diagnosis, the number of instruments makes it impossible for operators to look at each one individually. If there are no operator support systems, which include alarms that serve as major information sources for detecting process deviations, operators have to consider too many instruments and a diagnosis will take too long. A slow reaction on the part of the operator could result in accidents and could have serious consequences, so it is imperative that operator support systems are effective. Alarms help operators to make quick diagnoses by reducing the number of instruments that must be considered. Even though alarms help the operators' situation awareness, there are too many of them; a typical MCR in a NPR has more than a thousand of alarms. In emergency situations such as a loss of coolant accident (LOCA) or a steam generator tube rupture (SGTR), hundreds of lights turn on or off within the first minute. Since having many alarms that turn on and off repeatedly may cause operator confusion, an operator support system can be useful for accident management [15] [16] . Throughout this study some essential recommendations have been proposed. Moreover, an intensive research on AI techniques for present nuclear reactors is presented, figure 1 .
The following attributes are essential factors for the future reactor designs:
• The reactor should be passively safe.
• The transparency of the safety of the plant to both the public and the regulators.
• The design should be acceptable in terms of safety.
• The plant should be simple to operate, upgrade and maintain.
• The plant design must be simple in assembly and disassembly.
• Online capability to refuel and to perform maintenance • The system should ensure minimal environmental impact.
• The design should use a simple fuel cycle to have high fuel burn up.
• The reactor could be site assembled and transported to the definite sites quickly.
If any one of the reactor's parts has a fault or failure, transducers transfer a fault or failure signal to the neurofuzzy alarming network which is considered as an alarm signal generator. This process is called alarm processing stage. The objectives of the alarm processing system are; to reduce the number of alarms presented, to recognize alarms so that they could be grouped in relation to a single cause, to order the alarms within a group, and to display suitable alarm messages. AI-based diagnostic systems have been extensively studied to support nuclear reactors operators during abnormal conditions. The main tasks of a diagnostic system are alarm detection and fault diagnosis. A fault represents a deviation with respect to the expected system behavior. Alarm signals are elaborated on real time case of study. Fault detection consists in the generation of symptoms from the fault indicators and the evaluation of the time of detection. Fault detection determines, from a set of symptoms, the kind and the location of the primary fault and relates it to a physical component whose behavior is not consistent. Even if it is clear that diagnosis is a strategic necessity, very few real applications are yet in use. AI based Classification or pattern recognition approach is the way to deal with fault diagnosis. It is based on process data or expert knowledge about the nuclear reactor and its misbehavior. Relevant symptoms are identified to be representative of each type of failure. The relationships between symptoms and faults are obtained by supervised learning when faults are known a priori, for instance by an expert: in this case the system decision is tuned to correspond to the right answer from a training set of known examples. The diagnostic system is a classifier that must then recognize, in real time, the actual situation represented by a new symptom vector and associate it to one of the known faults. The classifier may also have some on-line learning capacity to deal with unknown faults.
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In this framework neurofuzzy techniques have emerged as a mean to deal with 'greybox' models with good numerical accuracy and reasonable interpretability. Recurrent topologies for neurofuzzy systems have been attentively studied. This research work proposes a recurrent neurofuzzy network that allows the construction of a 'global' nonlinear multi-step ahead prediction model by the fuzzy conjunction of 'local' dynamic models, which are, in turn, linear auto regressive models. Recurrent neurofuzzy networks have also been successfully used for the diagnosis of global and detailed fault diagnosis of nuclear reactors.
The proposed Neurofuzzy Approach:
In diagnostic applications, faults are characterized by their symptoms, which can evolve with time, performing a trajectory in the observed variable space. Neurofuzzy systems for diagnosis are pattern. The design of the Neurofuzzy Fault Diagnosis System (NFDS) is shown in figure (2). The overall NPR has tight alarming and fault diagnosis system. This system has multi-level alarm and fault diagnosis techniques. Every part of the plant has its own diagnosis system. The overall Plant has a global alarming and fault diagnosis system, which links all individual subsystems. As the control system of the plant can be tested by NFDS to define the fault if found, also all parts of the plant can be tested by a pattern recognition NFDS technique. One should consider that not all these parameters are essential at all nodes. The distribution map of these parameters over the critical points is considered and the relation among these parameter spaces over the time is analyzed, see figure 3 . The logic fuzzy rules could be formulated as; Where neuro condition i is the neural based fault detection of parameter value (n i , c i , s i , r i , l i )) at p i critical nodes and the logic operator are AND, OR NOT , … The redundancy in fault diagnosis leads to more robustness. A case of study explaining the neural condition is presented in subsection 3.2 on the Kori II cooling pump faults detection. 
Fault Diagnosis of Kori II cooling pump:
In subsection 3.1 a global fault diagnosis system is introduced to study the fault detection on selected critical nodes on the reactor while this subsection introduces more detailed on the neurofuzzy fault diagnosis in a certain node, it is the cooling pump. One of the most important parts of the NPR is the RCP. This part of reactor has 12 alarming signal (a1, a2, a3, ...., a12) and the possibility of faults are 9 (f1, f2, f3, .... f9). The design of the NFDS used is shown in figure (4.a, 4 .b) whereas it consists of two major phases the first one is the fuzzy system and the second one is neural network. The neural network consists of 12 input nodes, 7 hidden nodes, 9 output nodes. The definition of the faults and their corresponding alarms are shown in table (2.a, 2.b). As the error back propagation training algorithm EBPTA is running, weights of the NFDS are changing till the allowed root mean square error RMS reaches its recommended value learning, then learning stops. After learning process is considered we can obtain the diagnosis of any fault can be caused by any alarms pattern, see [9] for more details.
Results of the NFDS Training:
The outputs comparison of both reference training patterns and the output of the NFDS show that they are typical so the network is well trained and it can easily detect any possible system faults.
Conclusions:
In this paper, the feasibility study of the NFDS in fault diagnosis of NPRs is presented.
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The neurofuzzy approach has more powerful advantages (e.g., Short knowledge acquisition time, low development cost, fast running time, robustness to noisy alarm signals, and general mapping capabilities) over the conventional alarm processing methods. Results show that once the network has been fully trained with various alarm patterns, it can identify with a good accuracy the faults well. Although untrained or incomplete/sensor-failed alarm patterns are given, the network can diagnose a fault properly. In addition, multiple faults can be easily diagnosed using a given alarm pattern. The network also has the capability of identifying the time-varying fault behavior. In conclusion, the neurofuzzy approach is almost appropriate for pattern recognition problems in environments where plant actual data are abundant and noisy. Moreover, the neurofuzzy based systems can run very fast if hardware implementations are becoming available. This makes the systems, especially well suited for real-time applications such as alarm processing and fault diagnosis in NPR. 
